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(54) WELDED STEEL TUBE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a welded steel 
tube reduced in the amount of oxygen in a weld zone 
and having mechanical properties, in the weld zone, 
comparable to those in a base material part while 
maintaining the advantage of a resistance welding 
method enabling high efficiency production. 
SOLUTION: A steel plate, which has a composition 
containing, by weight, 0.01-0.5% C and 0.5-2% Mn and V„ 
further containing, each including the case of 0%, <1 .0% 
Si, <0.2% Al, £0.01% N, <0.2% Ti, <0.2% Zr, <0.2% Nb, 
<0.2% V, <1.5% Ni, <1.5% Cu, <3.0% Cr, <1.5% Mo, < 
1.5% W, <0.005% B, <0.01% Ca, <0.01% Mg, <0.1% 
REM, <0.02% P, and <0.03% S, is formed into tubular 
body. Then, the edges, abutting each other, of the 

tubular body are melted by laser beam irradiation and subjected to upset welding, by which 
the welded steel tube in which the amount of oxygen in a weld zone is regulated to <200ppm 
is obtained. 
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[Claim(s)] 

[Claim 1] By weight %, C:0.01 - 0.5% and Mn:0.5-2% are contained. Further Less than [ Si:1.0% ], 
aluminum: Less than [ 0.2% ], N : 0.01% or less, Ti: Less than [ 0.2% ], less than [ Zr:0.2% ], Nb: Less 
than [ 0.2% ], V : 0.2% or less, nickel: Less than [ 1.5% ], less than [ Cu:1.5% ], Cr: Less than [ 3.0% ], 
less than [ Mo:1.5% ], W : 1.5% or less, B : 0.005% or less Less than [ calcium:0.01% ], less than 
[ Mg:0.01% ], REM: Less than [ 0.1% ], P : It reaches 0.05% or less. Welded steel pipe which consists 
of steel containing S:0.03% or less (all contain 0), and is characterized by the amount of oxygen of a 
weld zone being 200 ppm or less. 

[Claim 2] The manufacture approach of a welded steel pipe characterized by consisting of the following 
process. 

(a) the process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
and (b) - the process which fabricates said steel plate on a tubular object, and (c) - the process which 
carries out upsetting and welds it while fusing the edge section with which said tubular object was 
compared by the exposure of a laser beam. 

[Claim 3] The manufacture approach of a welded steel pipe characterized by consisting of the following 
process. 

(a) the process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
and (b) the process which fabricates said steel plate on a tubular object, and (c) - the process which 
heats beforehand the edge section with which said tubular object was compared, and (d) ~ the process 
which carries out upsetting and welds it while fusing said edge section of said tubular object by which 
the preheating was carried out by the exposure of a laser beam. 

[Claim 4] The manufacture approach of a welded steel pipe characterized by consisting of the following 
process. 

(a) The process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
the process which fabricates the (b) aforementioned steel plate on a tubular object, (c) The process 
which heats beforehand the edge section with which said tubular object was compared to the 
temperature within the limits of 600-1300 degrees C, (d) Process which heats the process which carries 
out upsetting and welds it while fusing said edge section of said tubular object by which the preheating 
was carried out by the exposure of a laser beam, and the (e) aforementioned weld zone in the 
temperature region of 3+20 degrees C - 1000 degree C of Ac(s), and is subsequently cooled. 
[Claim 5] The manufacture approach of a welded steel pipe characterized by consisting of the following 
process. 

(a) The process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
the process which fabricates the (b) aforementioned steel plate on a tubular object, (c) The process 
which heats beforehand the edge section with which said tubular object was compared to the 
temperature within the limits of 600-1300 degrees C, (d) The process which carries out upsetting and 
welds it while fusing said edge section of said tubular object by which the preheating was carried out by 
the exposure of a laser beam, (e) Process which (f) the process heated in a +20 degrees C - 1000 degrees 
C temperature region and Ac3f Ranks second, and returns said weld zone at the temperature (however, 
300-400 degrees C is removed) of 100 degrees C - AC1 within the limits. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the welded steel pipe used for the object for pipelines, 
the object for machine structural members, and various plants, and its manufacture approach. 
[0002] 

[Description of the Prior Art] As for the application of a steel pipe, seamless steel tubes and the welded 
steel pipes with which it is various and was manufactured by various kinds of approaches according to 
the application or size, such as the object for pipelines, an object for machine structural members, an 
object for heat exchangers, an object for autoparts, an object for machine structural members, and 
various objects for plants, are used. The dimensional accuracy of the high frequency welded steel tube 
manufactured by fabricating a steel strip to the shape of tubing continuously in it, and heating both [ a 
tubular object (open pipe), nothing, and / its / that face ] the edge section by high-frequency heating or 
resistance heating, and welding is high, and it is manufactured as compared with other tube- 
manufacturing approach so much [ since it is / that it can manufacture in high efficiency / comparatively 
cheap ] from the former, and is used. 

[0003] However, when using a high frequency welded steel tube in the field required of an advanced 
quality-of-the-material property or high dependability, the quality of the material may be made into a 
problem. The reason which is inferior in the quality of the material of a high frequency welded steel tube 
as compared with other welded steel pipes is as follows. 

1) Compare the heat input of the electric-resistance-welding section with arc welding, and since it is 
few, the electric-resistance-welding section at the time of electric resistance welding and the cooling rate 
of the near are quick. Therefore, it is easy to harden the electric-resistance-welding section and its near, 
and the quality tends to deteriorate. 

2) The weld zone welded by the electric-resistance-welding method is in the condition which can also be 
said to be the middle of the usual melting welding of arc welding etc., and a pressure welding, and a 
clear melting pool is not formed in the joint. Although the oxide of a considerable amount is formed of 
oxidation at the time of welding, as a result of those oxides' being hard to be discharged from the interior 
of steel and, serving as a weld zone with many oxygen contents on the other hand, a mechanical 
property deteriorates. 

[0004] Correspondence by heat-treating to one among the reasons for the above is possible. For 
example, the technique which heat-treats hardening tempering to the weld zone which has improved the 
quality of the material of the hardened weld zone, for example, was hardened to JP,62-151509,A is 
indicated to electric-resistance-welding tubing by performing heat treatment of normalizing or quench- 
and-temper on-line. 
[0005] 

[Problem(s) to be Solved by the Invention] However, a separate cure is required for solution of the 
trouble which originates in oxidation of two among the reasons for the above, for example, to carry out 
upsetting of the steel strip to a tubular object at the time of welding, and to discharge inclusion etc. 
outside as much as possible is tried. However, as a result, the metal flow near the weld zone will start 
and, so to speak, the cross section at the time of rolling of steel will appear in the inside-and-outside 
front face of tubing. It is apprehensive about that fatigue strength is inferior to the steel pipe which has 
such a metal flow, and possibility that a problem will arise in endurance when internal pressure is 
applied. Even if it performs upsetting, of course, inclusion etc. is not necessarily discharged completely, 
and it is also known that the inclusion of a considerable amount will remain, consequently the amount of 
oxygen in steel increases. 

[0006] The cure for solving the above-mentioned problem is also worked on, a seam welded area is 
shielded by non-oxidizing gas which is indicated by JP,63-241 1 16,A, electric resistance welding is 
performed [ a heat input is controlled, or ], and the method of decreasing the amount of oxygen and the 
amount of inclusion of the electric-resistance-welding section is learned. However, the shielding 
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equipment which there is a limitation in the improvement by control of a heat input actually, is excellent 
in shielding nature, and can be equal to continuation operation is not developed, either. 
[0007] Since it is such, the high frequency welded steel tube which mechanical properties, such as 
reinforcement of a weld zone and toughness, do not have inferiority with the base material section shall 
not be manufactured conventionally. As mentioned above, mechanical properties manufactured by the 
Prior art, such as reinforcement of the weld zone of a high frequency welded steel tube and toughness, 
are inferior as compared with the base material section, and had become the big cause by which this 
restricted the application of a high frequency welded steel tube. 

[0008] Therefore, the purpose of this invention maintaining the advantage which the electric-resistance- 
welding method which solves the problem mentioned above and can be manufactured in high efficiency 
has, there are few amounts of oxygen of a weld zone, and that mechanical property is in offering the 
welded steel pipe which is equal as compared with the base material section, and its manufacture 
approach. 
[0009] 

[Means for Solving the Problem] The cause by which the mechanical property of the electric-resistance- 
welding section is inferior in this invention persons as compared with the base material section is in the 
heat history of the amount of oxygen of one weld zone, the amount of inclusion, and two weld zones, 
and the metal flow near the 3 weld zones, and this invention was completed, as a result of especially the 
effect of 1 and 2 finding out a large thing and repeating research. 

[0010] Let the base of this invention be a welded steel pipe by carrying out the preheating of the edge 
section with which the steel strip which has a suitable chemical entity presentation was fabricated on the 
tubular object with a multistage roll, and the acquired tubular object was compared at suitable 
temperature, carrying out upsetting and welding, while irradiating a laser beam at the edge section by 
which the preheating was subsequently carried out and fusing this. 

[001 1] Therefore, since a weld zone becomes what has melting solidification structure unlike the case 
where it is based on the manufacture approach of the conventional high frequency welded steel tube and 
melting of steel arises, most oxides generated by oxidation are discharged from the fused steel. 
Consequently, the amount of oxygen of a weld zone can decrease sharply as compared with the weld 
zone of the conventional high frequency welded steel tube, and can make min extent to which 
mechanical properties, such as reinforcement of a weld zone, fall as compared with the base material 
section. Of course, when the component presentation of steel is not appropriate, a laser beam is 
irradiated under optimum conditions, and when a welded steel pipe is manufactured, the mechanical 
property of a weld zone does not become sufficient thing. 

[0012] Invention according to claim 1 is characterized by the following. By weight %, C:0.01 - 0.5% 
and Mn:0.5-2% are contained. Further Less than [ Si: 1.0% ], aluminum: Less than [ 0.2% ], N : 0.01% 
or less, Ti: Less than [ 0.2% ], less than [ Zr:0.2% ], Nb: Less than [ 0.2% ], V : 0.2% or less, nickel: 
Less than [ 1.5% ], less than [ Cu:1.5% ], Cr: Less than [ 3.0% ], less than [ Mo: 1.5% ], W : 1.5% or 
less, B : 0.005% or less Less than [ calcium:0.01% ], less than [ Mg:0.01% ], REM: Less than [ 0.1% ], 
P : It reaches 0.05% or less. Welded steel pipe whose amount of oxygen of a weld zone it consists of 
steel containing S:0.03% or less (all contain 0), and is 200 ppm or less. 
[0013] Invention according to claim 2 is characterized by the following. 

(a) the process which prepares the steel plate of the chemical entity presentation indicated by claim 1 , 
and (b) - the process which fabricates said steel plate on a tubular object, and (c) - the manufacture 
approach of the welded steel pipe which consists of a process which carries out upsetting and welds it 
while fusing the edge section with which said tubular object was compared by the exposure of a laser 
beam. 

[0014] Invention according to claim 3 is characterized by the following. 

(a) the process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
and (b) - the process which fabricates said steel plate on a tubular object, and (c) - the process which 
heats beforehand the edge section with which said tubular object was compared, and (d) — the 
manufacture approach of the welded steel pipe which consists of a process which carries out upsetting 
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and welds it while fusing said edge section of said tubular object by which the preheating was carried 
out by the exposure of a laser beam. 

[0015] Invention according to claim 4 is characterized by the following. 

(a) The process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
die process which fabricates the (b) aforementioned steel plate on a tubular object, (c) The process 
which heats beforehand the edge section with which said tubular object was compared to the 
temperature within the limits of 600-1300 degrees C, and (d) — the process which carries out upsetting 
and welds it while fusing said edge section of said tubular object by which the preheating was carried 
out by the exposure of a laser beam, and (e) - the manufacture approach of the welded steel pipe which 
consists of a process which heats said weld zone in the temperature region of 3+20 degrees C - 1000 
degree C of Ac(s), and is subsequently cooled. 

[0016] Invention according to claim 5 is characterized by the following. 

(a) The process which prepares the steel plate of the chemical entity presentation indicated by claim 1, 
die process which fabricates the (b) aforementioned steel plate on a tubular object, (c) The process 
which heats beforehand the edge section with which said tubular object was compared to the 
temperature within the limits of 600-1300 degrees C, (d) The process which carries out upsetting and 
which is welded while fusing said edge section of said tubular object by which the preheating was 
carried out by the exposure of a laser beam, (e) The manufacture approach of the welded steel pipe 
which consists of a process which (f) the process heated to the temperature within the limits of +20 
degrees C - 1000 degrees C and Ac3f Ranks second, and returns said welded weld zone at the 
temperature (however, 300-400 degrees C is removed) of 100 degrees C - AC1 within the limits. 
[0017] 

[Embodiment of the Invention] The approximate account Fig. and drawing 2 which show an example of 
a tube-manufacturing facility for drawing 1 to carry out this invention are the A-A line view Fig. of 
drawing 1 . As shown in a drawing, a contact tip 2, a top roll 4 and a side roll 5, the 1st high-frequency- 
heating equipment 6, the water-cooled zone 7, and the 2nd high-frequency-heating equipment 8 are 
arranged in this sequence along the migration direction of the tubular object 1. 

[0018] A steel strip is fabricated on the tubular object 1 with the multistage roll which is not illustrated, 
and, subsequently the edge section with which the tubular object 1 was compared by the contact tip 2 or 
high-frequency-induction-heating equipment is heated beforehand. Subsequently, while irradiating a 
laser beam 3 to the edge section to which the preheating of the tubular object 1 was carried out and 
fusing this, upsetting is carried out and it welds. Subsequently, according to the purpose of using a steel 
pipe etc., postheat treatments, such as normalizing or hardening annealing, are performed in the 1st 
high-frequency-heating equipment 6, the water-cooled zone 7, and the 2nd high-frequency -heating 
equipment 8. 

[0019] By the exposure of a laser beam, the base of this invention fuses the edge section with which the 
tubular object 1 was compared, discharges the oxide which was welded and was generated at the time of 
welding to the exterior of steel, and sets the amount of oxygen of a weld zone to 200 ppm or less. 
Consequently, the oxide which occupies most amounts of oxygen of steel is discharged by the exterior 
of a steel pipe. 

[0020] The amount of oxygen of the fully deoxidized steel does not usually exceed 100 ppm. On the 
other hand, the range of the amount of oxygen of the weld zone of the high frequency welded steel tube 
manufactured by the conventional approach is 200ppm ** -300ppm. 

[0021] Drawing 3 uses the steel strip which has the component presentation of Table 1 mentioned later 
of No. 1 -No. 5. It is drawing measuring and showing the amount of oxygen of the weld zone when 
manufacturing bore 76.3mmphi and a welded steel pipe with a thickness of 7.5mm by this invention 
approach the condition for preheat temperature [ of 700 degrees C ], laser output 5kw, and 3m/of speed 
of travel, and the amount of oxygen of the electric-resistance-welding section when manufacturing by 
the conventional electric-resistance-welding method, the amount of oxygen of the weld zone of the 
welded steel pipe of this invention is about 150 ppm so that clearly from drawing 3 ~ receiving, the 
amount of oxygen of the weld zone of the conventional high frequency welded steel tube was about 250 
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ppm. 

[0022] The amount of oxygen of a weld zone is influenced of preheating conditions. That is, if preheat 
temperature is made high, the load of laser radiation to welding will become small, and manufacture 
efficiency will improve. Since the amount of the oxide generated at the time of a preheating increases on 
the other hand, the amount of oxides increases as a result, the amount of oxygen also becomes high, and 
a mechanical property deteriorates. In addition, the amount of inclusion, the amount of oxides, and the 
amount of oxygen are in proportionality mostly. 

[0023] On the other hand, if preheat temperature is made low, the load of laser radiation to welding will 
become size, and manufacture efficiency will fall, or a mass laser radiation facility will be needed, and it 
will become cost quantity. As a result of the amount of the oxide generated at the time of a preheating 
decreasing on the other hand, the amount of inclusion decreases, the amount of oxygen decreases, and a 
mechanical property improves. 

[0024] In addition, in this invention, a weld zone is a generic name containing the part from which 
microstructures (part from which a metal flow and etching susceptibility differ) differ to the base 
material section including the weld zone by the exposure of a laser beam. 

[0025] Drawing 4 is drawing having shown the effect of preheat temperature to toughness. The same 
welded steel pipe is used with having explained above-mentioned drawing 3 , and it is hardening 
tempering processing (hardening temperature 950 **, tempering temperature 650 degrees C, the cooling 
rate of 50 degrees C / sec). Fracture transition temperature [ in / steel pipe / which was given / the 
preheat temperature and a Charpy test ] (v Trs) Relation was investigated. If preheat temperature 
becomes high so that clearly from drawing 4 , the amount of oxygen will increase. vTrs It goes up and 
toughness falls. 

[0026] -50 degrees C or less which is the standard of high toughness vTrs In order to secure, it is 
necessary to make preheat temperature into 1000 degrees C or less, and it is -70 degrees C or less 
further. vTrs In order to secure, it is necessary to make preheat temperature into 750 degrees C or less. 
In addition, the amount of oxygen in case preheat temperature is 1000 degrees C is 150-190 ppm, and 
the amount of oxygen in case preheat temperature is 700 degrees C is about 120-150 ppm. 
[0027] Next, the reason which limited the chemical entity presentation of the welded steel pipe of this 
invention as mentioned above is explained below. C has the operation which raises the reinforcement of 
steel. However, C content is difficult for strong reservation at under 0.01wt(s).%. On the other hand, if C 
content exceeds 0.5wt(s).%, hot-working nature, weldability, and toughness will deteriorate. Therefore, 
C content should be limited within the limits of 0.01 - 0.5wt.%. 

[0028] Mn also has the operation which raises the reinforcement of steel. However, reinforcement with 
Mn content sufficient by under 0.05wt(s).% is not obtained. On the other hand, if Mn content exceeds 
2wt(s).%, weldability and toughness will deteriorate. Therefore, Mn content should be limited within the 
limits of 0.05 - 2wt.%. 

[0029] Although Si is a deoxidation element, if the content exceeds 1.0wt(s).%, the bad influence of 
weldability and toughness deteriorating will arise. Therefore, the upper limit of Si content is made into 
1.0wt(s).%. In addition, when adding Si as a deoxidizer, the addition more than 0.05wt.% is desirable. 
[0030] Although aluminum is also a deoxidation element, if the content exceeds 0.2wt(s).%, the bad 
influence of toughness deteriorating will arise. Therefore, the upper limit of aluminum content is made 
into 0.2wt(s).%. In addition, when adding aluminum as a deoxidizer, the addition more than 0.0005wt.% 
is desirable. 

[003 1] Although N is an element mixed into steel as an impurity out of atmospheric air at the time of the 
dissolution, if the content exceeds 0.01wt(s).%, a bad influence will produce it in weldability and 
toughness. Therefore, the upper limit of N content is made into 0.01 wt(s).%. In addition, N also has the 
operation which raises the reinforcement of steel like C, and the effectiveness is accepted by content of 
0.001wt(s).% extent. Therefore, when using the potentiation of N, the addition more than 0.001wt.% is 
desirable. 

[0032] Ti, Zr, Nb, and V raise the reinforcement of steel, and form carbide and a nitride, make an 
austenite grain detailed, and have the operation which raises reinforcement and toughness. Therefore, at 
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least one element chosen from the above-mentioned group is made to contain if needed. However, if the 
content exceeds 0.2wt(s).%, toughness will deteriorate. Therefore, in making at least one element chosen 
from the group which consists of Ti, Zr, Nb, and V contain, it makes the upper limit into 0.2wt(s).%. In 
addition, it is desirable that effectiveness carries out to more than 0.005wt.% under by 0.005wt(s).% 
when they make this contain, since there are few the contents. 

[0033] Cr, Cu, nickel, Mo, W, and B have the operation which raises the reinforcement of steel. 
Therefore, at least one element chosen from the above-mentioned group is made to contain if needed. 
However, if Cr content exceeds 3wt(s).%, weldability and toughness will deteriorate, if Cu content 
exceeds 1 .5wt(s).%, hot-working nature, weldability, and toughness will deteriorate, if each content of 
nickel, Mo, and W exceeds 1.5wt(s).%, the addition effectiveness will be saturated, and if B content 
exceeds 0.005wt(s).%, the toughness of a weld zone will deteriorate. Therefore, in 3wt(s).% and Cu, 
each of 1.5wt(s).%, and nickel, Mo and W makes it as 1.5wt(s).%, and, as for Cr, B makes 0.005wt(s).% 
the upper limit of each element in the case of making at least one element chosen from the above- 
mentioned group contain. In addition, each of Cr, Cu, nickel, Mo, and W is [ 0.03wt(s).% and B of a 
desirable lower limit for each above-mentioned element to demonstrate the effectiveness ] 0.0001 wt 
(s).%s. 

[0034] calcium, Mg, and REM have the operation which it is connected with S, inclusion is granulated, 
and the corrosion resistance in various kinds of corrosive environment is raised through gestalt control, 
and raises a toughness value. Therefore, at least one element chosen from the above-mentioned group is 
made to contain if needed. However, if the content of calcium and Mg exceeds 0.01wt(s).% respectively 
and the content of REM exceeds 0.1wt(s).%, the toughness of steel will deteriorate. Therefore, calcium 
and Mg make 0.01 wt(s).% the upper limit of each element in the case of making at least one element 
chosen from the above-mentioned group contain, and REM makes it 0.1wt(s).%. In addition, a desirable 
lower limit for each above-mentioned element to demonstrate the effectiveness is 0.0005wt(s).%. 
[0035] It is permitted, the amount of extent, i.e., P, by which P and S of an unescapable impurity are 
usually contained in steel, and below 0.03wt(s).% is permitted for S below 0.05wt(s).%. However, since 
P and S are harmful to toughness, when a demand of toughness is high, it is desirable that P carries out 
to below 0.02wt(s).%, and S carries out to below 0.01wt(s).%. If the amount of S is especially restricted 
to below 0.005wt(s).%, the toughness which was excellent much more will be acquired. 
[0036] Next, the manufacture approach of the welded steel pipe this invention is explained. The facility 
shown in drawing 1 and drawing 2 is used, and the edge section with which the tubular object 1 was 
compared by the contact tip 2 or high frequency induction heating is heated beforehand. The desirable 
preheat temperature of the edge section is within the limits of 600-1300 degrees C. Less than 600 
degrees C of a preheating are [ preheat temperature ] insufficient, and the burden to the exposure of a 
laser beam becomes excessive. As a result of oxidation of steel advancing and the amount of oxides 
increasing on the other hand although the burden to the exposure of a laser beam becomes light if 
preheat temperature becomes high exceeding 1300 degrees C, the amount of oxygen increases. In 
addition, it is desirable to restrict the amount of oxygen of a weld zone to 200 ppm or less, and to restrict 
preheat temperature to 1000 degrees C or less at a ** sake. 

[0037] To the edge section by which the preheating was carried out as mentioned above and with which 
the tubular object 1 was compared, a laser beam 3 is irradiated, and this is fused and welded. The 
configuration of the edge section compared by the top roll 4 at the time of welding is formed in an I- 
beam, and upsetting is carried out with a side roll 5. In addition, as shown in drawing 1 , two or more 
top rolls 4 suppress the tubular object 1 from the slanting upper part, they are arranged so that a laser 
beam 3 may pass through between top rolls 4, and a weld zone is heated by the laser beam 3 which 
passes through between top rolls 4, and they fuse it by it. In addition, a preheating can also carry out 
electric resistance welding only by the exposure of the laser beam instead of indispensable conditions. 
[0038] Thus, since melting welding is performed by the laser beam 3, most oxides formed in the edge 
section at the time of a preheating are discharged outside a melting pool, and a weld zone with few 
amounts of oxygen is formed. It cannot be overemphasized that there are few amounts of the oxide 
formed at the time of a preheating sharply as compared with the manufacture approach of the 
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conventional high frequency welded steel tube heated even to the temperature directly under melting. 
[0039] In addition, at the time of manufacture of the conventional high frequency welded steel tube, in 
order to discharge the oxide generated in large quantities from a weld zone, it was required to apply 
strong upsetting, but when based on the approach of this invention, as compared with a conventional 
method, it is good in the very low amount of upsetting. This does not come out of degradation of the 
mechanical characteristic by the standup of a metal flow as much as possible few, and means that 
removal of the weld flash generated at the time of upsetting is also easy. 

[0040] Postheat treatments, such as normalizing and hardening tempering, are performed to the weld 
zone of the steel pipe which welding ended if needed. Of course, there may be neither a component 
presentation of steel nor need of performing such a postheat treatment depending on the purpose of use. 
[0041] In giving a normalize heat treatment, after heating in the temperature region of 3+20 degrees C - 
1000 degree C of Ac(s), it cools in the 1st high-frequency-heating equipment 6. Although special 
cooling may not be required since heat is absorbed by the non-heating unit of a steel pipe in the case of 
the local heating near the weld zone, air cooling is performed if needed. Of course, it may not limit near 
the weld zone but you may heat-treat to the whole tubing. In this case, since a boundary with the 
normalizing section is lost, the steel pipe of the more uniform quality of the material is obtained. In 
order that the minimum of whenever [ stoving temperature ] may mention the heat treatment 
effectiveness, it is referred to as 3+20 degree C of Ac(s), and the upper limit is made into 1000 degrees 
C which austenite crystal grain does not make big and rough. 

[0042] Also when performing hardening tempering processing, first, it heats with the 1st high- 
frequency-heating equipment 6 to the temperature requirement of 3+20 degrees C - 1000 degree C of Ac 
(s), and hardens by water cooling, Myst cooling, etc. in the cooling zone 7. The cooling rate at this time 
is carried out to more than 30 degrees C / sec, and is considered as the organization into which baking 
fully went. It is necessary to make cooling-shut-down temperature into 400 degrees C or less, and 
sufficient amount of water or the cooling zone of sufficient die length performs it. 
[0043] Tempering performed in the 2nd high-frequency-heating equipment 8 is performed after 
hardening in the temperature requirement of 100 degrees C - AC1. At less than 100 degrees C, the 
tempering effectiveness is not fully acquired for tempering temperature. In addition, if it anneals at the 
temperature within the limits of 300-400 degrees C, in order to stiffen, the temperature of above- 
mentioned within the limits shall be removed. Although tempering upper limit temperature is set to Acl, 
a near standard is 760 degrees C. 
[0044] 

[Example] Next, this invention is explained with the example of a comparison based on an example. The 
steel (henceforth comparison steel) which has the chemical entity presentation of this invention shown in 
the steel (henceforth this invention steel) and Table 3 which have the chemical entity presentation of this 
invention shown in Table 1 and 2 within the limits out of range was ingoted. 
[0045] 
[Table 1] 
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[0046] 
[Table 2] 
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[0047] 
[Table 3] 
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[0048] This invention steel No.l-No.5 shown in Table 1, No. 12, No. 17, and this invention steel No.21- 
No.28 that are shown in Table 2 were used, it welded on the conditions shown in Table 4 by the 
approach of this invention, subsequently to Table 5, hardening and tempering processing were 
performed on the shown conditions, and bore 76.3mmphi and a welded steel pipe with a thickness of 
7.5mm were manufactured in this way. Manufacture efficiency was an EQC or more than it as compared 
with the conventional electric-resistance-welding method. 
[0049] 
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[Table 41 








6 0 0-1 3 0 0'C 






5 k w 
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1 ~ 4 m/ft 




[0050] 
Table 51 








Ac, + 2 0 *C~ 1 0 0 0 *C 




3 0 ~ 1 5 0 *C/ s e c 




4 0 0 'CHT 




5 0 0 - 7 6 0 *C 



[005 1] Weld zone at the time of the effect of a cooling rate to VTrs of a weld zone at the time of 
performing QT processing (hardening temperature 950 degrees C, tempering temperature 650 degrees 
C) being shown in drawing 5 to the welded steel pipe manufactured by this invention approach which 
consists of this invention steel No. 1 -No. 5, and similarly performing QT processing (hardening 
temperature 950 degrees C, the cooling rate of 50 degrees C / sec) to the above-mentioned welded steel 
pipe The effect of tempering temperature to VTrs is shown in drawing 6 . When tempering temperature 
is 500 degrees C or more 30 degrees C / above sec, a cooling rate is fully low, so that clearly from 
drawing 5 and drawing 6 . VTrs was obtained. 

[0052] It is QT processing (tempering temperature 650 degrees C, the cooling rate of 50 degrees C / sec) 
to the welded steel pipe manufactured by the conventional electric-resistance-welding method which 
uses this invention steel No.l-No.5 and does not irradiate this invention approach and a laser beam. 
Weld zone at the time of giving VTrs is shown in drawing 7 in relation with hardening temperature. 
When being based on the manufacture approach of this invention so that clearly from drawing 7 , 
hardening temperature is 1000 degrees C or less. VTrs is the above at the time of manufacturing with a 
conventional method, although it was fully low. VTrs was high even if the component presentation of 
steel was within the limits of this invention. 

[0053] Weld zone at the time of giving a normalize heat treatment to the welded steel pipe manufactured 
by the conventional electric-resistance-welding method which uses this invention steel No.21-No.26 and 
does not irradiate this invention approach and a laser beam VTrs is shown in drawing 8 in the relation of 
whenever [ stoving temperature ]. When normalizing temperature is 1000 degrees C or less in the case 
of drawing 8 to this invention approach VTrs is low. In addition, it is if normalizing temperature exceeds 
1000 degrees C. Although VTrs goes up, the difference of this invention approach and the conventional 
approach is the same as that of the case where normalizing temperature is 1000 degrees C or less. 
[0054] Next, this invention steel No.9-No.l 1, No.13-No.16, No.18-No.20, No.29, No.30, and 
comparison steel No.31-No.38 were ingoted by vacuum melting in the laboratory, and were cast to the 
50kg ingot. 

[0055] Subsequently, these ingots were heated at 1200 degrees C, and air cooling was carried out, after 
hot-rolling to 50mm of board thickness and considering as a steel plate. The 50x150x400mm plate was 
cut down from the steel plate after air cooling, and it rolled out to 12mm in thickness at 1200 degrees C 
and the rolling termination temperature of 820 degrees C whenever [ stoving temperature ]. Immediately 
after rolling termination, by the Myst spray, after cooling to 550 degrees C by the cooling rate of about 
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10 degrees C / sec, it inserted in the electric furnace currently beforehand heated by 550 degrees C, and 
furnace cooling was carried out. These processes simulate the manufacture conditions of the steel strip 
by hot rolling. 

[0056] To the room temperature, from the cooled steel plate, the 6x35x1 000mm test piece was cut 
down, and it welded using the electric-resistance-welding simulator. As electric-resistance-welding 
simulator equipment shown to drawing 9 R> 9 in an outline perspective view, after sending in the trial 
steel strip 9 of two sheets with the guide roll 10 and carrying out the preheating of the edge section of a 
steel strip 9 which faces by the high frequency current supplied from a contact tip 2, a pressure welding 
is carried out with a squeeze roll 1 1, and the carbon-dioxide-laser beam 3 doubles a focus with the edge 
section compared from the perpendicular upper part of a steel strip 9, and is irradiated by the edge joint. 
[0057] The welding condition is as follows and hardening and heat treatment of tempering were carried 
out on condition that the range shown in Table 5. The amount of oxygen of a weld zone was 140-150 
ppm. 

Preheat temperature : 700 degrees C, the speed of travel : 10m/min., injection power:200kw from a 
contact tip, laser output : Beam diameter in 5kw and a focal location : 0.5mm. 
[0058] the test piece for Charpy impact test of the weld zone of the welded steel pipe manufactured by 
the approach mentioned above to 5mmt — extracting — the ~ VTrs was calculated. The comparison steel 
shown in this invention steel and Table 3 having shown in Table 1 and 2 is used, the manufacturability 
of the steel strip when manufacturing a welded steel pipe by this invention approach, laser radiation 
weldability, and the toughness (VTrs) of the weld zone of the welded steel pipe welded using the above- 
mentioned electric-resistance-welding simulator are investigated, the following estimates this, and it is 
shown in Table 6. 

[0059] Manufacturability good : Manufacturability is good when a crack does not occur at the time of 
hot rolling. : Although the crack occurred at the time of hot rolling When it is possible to perform degree 
process (welding) by crack picking, the crack at the time of poor manufacturability :hot rolling is large, 
and it is weldability good when unremovable. : Weldability is good when an oxide etc. is not accepted in 
a laser radiation weld zone. : Although the oxide etc. was accepted in the laser radiation weld zone 
When it can weld, a poor weldability:laser radiation weld zone has much oxide etc., and substantially, 
when it cannot weld, it is toughness good. : Weld zone It is poor toughness when VTrs is less than [ -30 
degree C ]. : Weld zone When VTrs exceeds -30 degree C. 
[0060] 
[Table 6] 
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[0061] Comparison steel No.31, No.33, No.34, and No.38 had poor manufacturability, and since the 
large crack occurred at the time of hot rolling, they stopped welding, so that clearly from Table 6. Laser 
radiation voidability is poor and each of comparison steel No.32 and No.35-No.37 is a weld zone. VTrs 
exceeds -30 degree C and was poor. A component presentation from this It turns out that it has had big 
effect on VTrs. 

[0062] On the other hand, each of this invention steel No.l-No.5 and No.9-No.27 had the good 
manufacturability and laser radiation weldability of a steel strip. This invention steel No.28-No.30 were 
able to be welded from removing a crack, although the detailed crack crack occurred at the steel plate 
edge. 

[0063] Moreover, when tubes are manufactured to a high frequency welded steel tube at works, and 
when it manufactures by this invention approach using this invention steel also in any at the time of 
welding test dissolution material using a **** simulator VTrs is -30 degrees C or less, when preheat 
temperature is 700 degrees C, and it showed very good toughness. In addition, the toughness of steel 
with comparatively few strengthening elements with the low and amount of S was further excellent. 
[0064] Moreover, good toughness was acquired also when a normalize heat treatment was given after 
welding. When a normalize heat treatment is given, and hardening tempering processing is performed, it 
compares. VTrs is a weld zone at the time of using this invention steel, although it became high. VTrs 
was -20 degrees C or less, even when preheat temperature was 900 degrees C. 

[0065] In addition, since this invention steel No.l l-No.12 in Table 1, No.14-No.15, No. 17, and No. 19 
contained calcium and/or Mg of the specified quantity, they also had HIC-proof (hydrogen induction 
crack) nature and SSCC-proof nature (sulfide stress corrosion cracking). 
[0066] 

[Effect of the Invention] A welded steel pipe with that mechanical property there are few amounts of 
oxygen of a weld zone, and optimal as the machine structural steel worker which is equal as compared 
with the base material section, the various objects for plants, an object for line pipes, etc. is obtained 
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maintaining the advantage which the electric-resistance-welding method which can be manufactured in 
high efficiency has according to this this invention, as stated above. In addition, when using it for 
various kinds of corrosive environment, of course, the high intensity and the quantity toughness steel 
pipe which has corrosion resistance are obtained by choosing a component presentation if needed. 
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( a ) If^fl 1 CBttSfutfl?|SjSiMiJS<0«HR*fflS 

( b ) IWaWR^WttfcKjRJBI-ilS. 
( c ) fllEWJWlMOafcakSfifcx? 6 0 0 

~i30 ox^Hfloz&Ktmtsxg. ( d > if 
a. ( e ) mB$&sft£$sa& Aca + 2 or- 1 0 

0 OrcD&Bfl^fi^Mfc-f 5XS, fcjtf , ( f ) 
&WC\ 1 0 0°O~AciOfgHF*l<7)iSg (fctfU 3 0 
0-4 0 0'C£|$< ) T«*R1-IS*>fe**»»«W 

[00 17] 

01 »is zw&a&trhtito 
m'sm<r>~mi^mmm, a 2 a, eioa 

- ah^sht* s . sebk^j: 3 t . *** 1 am 

- y 7 * j: if* 2 Ajrai«&S8 a>\ £*>wrciM 

[OO18]£0®£, HSL^v^So-n^i.toT'S 

mmmmsmzx. 9 , 1 cos^i^ftitx 

•y^'gi5?>^^S. awe, OTMfcl^i^RSixfcxv 
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[0019] zn^mcommt. v— f-\z-j*omti 

zixmix. mmmz&s&LfiiWi-mzMmmz 
mm, u ««a5oi^M^ 2 0 0 P P mjartrr* . * 

[0020] +jHzMmtLt:m<omsut. mvs 1 0 

10 OppmZntlZbltt:^. ZtUzttl. ft%a)%m 

0 0 PPmg-3 0 0 p pm<V&mX'fo&. 

[0 021 ] 03(i, t^tS^lONo. l~No. 50) 

$7. 5u08SMff£, iWI*700K;. u— f- 
Htfj5kw. iS»«3m/^)*tt-C**««6fcJ: 

^-rrjT'S) I. . 11 3 a» 6 x 0 iz . #&aj]<7)?§ig 
20 Miv<ois»i(^nxftiiM 1 5 0 P P m-c* 5 m t . 

«3|H0mi «^®0?i«g|5c7)i5«*(i^ 250 PP m 
[0022] ^f^ftcO^SSrgtt 

30 [0023]-*. "fm&Z&K? S t , JWUfcWt 

[ 0 0 2 4 ] &*3, vC8»»i: li. U-f 

-t*-A<oaa»fc J: #ffggtc«LT5 

m%zmz-&A,Kimx'S>&. 
40 [ 0 0 2 5 ] 04 a, mmzm-h^m&^^m^ 

LtcMX'h h , iJEH 3 KM Lira L7t t H tjgg^f 

Lias 650'c. ttimmrc/sec) iaLfcifico^ 

(v Trs)i:«>Hffi*W<fc. H43&»feW^36«5rJ:3 
fc, : WBfflJ66 t K<*4kiH«* s «JPL vTrs ifi±M 

ixwmtf&T-ti. 

[0026] S«tt<0B^f i>& . - 5 O'CWTO vTr 

s *«flw-*fc»ttt. mass- 1 0 0 O'COTK-t 

50 isgB^ibO. -7 0-CWT^ vTrs J:IStS 
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tiMzii^mgj&i 7 5 Q-cmiz-th-mtthb . & 

, ^S&ft&tf 1 0 0 0 'C<0±§£<7)lg|?Sl4 15 0-1 
9 0 p p m"C* 9 , miaK*<7 0 0-CO^O^S4 
(i 1 2 0~ 1 5 0 p p mgjKf&S . 

[0027] at. i««w<ojSf««w<^¥ie^ajs 

rare**, csmvo. 5»t.ximi&t. 
wm&£xmw$tttz. &ix. c 
o. oi~o. SMt-x^wirtjciRjet^* 

COO 283 Mnt, >l<^*£*ft*ftUflMrL"a* 
4. Mn^flA^O. 0 5wt.%*gtt*(i 

+#&&£#f#<ofT.&V\ Mn£«#2wt.Z£ 
»»ttfcJ:V»tt*^ft't*. «->T. Mn 
£**J4. 0. 0 5~2wt.H!<0«SHrtt:|RJtt^* , C* 
4. 

[0029] si itmtfimx*h&i)K toa**** 

1. 0wt.%£j@i4t. *^fcJtffiMt#3&fW*tP 
OJWMW^r* . ftoT . Si *W*tf>±BR«£ 1 . 
0wt.Zfct4. S i £«#Ji: LTgsfJD-t4«£ 

fc(4, 0. o 5wt.%&±<vmntfttt U\ 

[ o o 3 o ] a i mMfimx-bhtf. ^siy 

1*4. ftr>T. A l-&«<9±GRffi£0. 2«t.%t-T 
I). A 1 LT»*-4*£fct4, 0. 

ooo 5^.m±v>mwi8- 1 u\ 

[0031] Nfct «BPP*C*Sl+3&»fe^M«4: LTIB 
+KfiA*-4 *<0fctfia«0. Olwt.Z 

T, N-irW4?)±|JBtt£0. 0 1wt.Zfc-f4. &fe s N 

<D$>mio. oo lvit.xn&co-tmzx-oxt^hti 
&.m->x. N<7)®tt,m&mmt&%>&z\^ o. o 

[ 0 0 3 2 ] T i , Z r , N b*>4yvf4. 

»», ao, is»fc4t/gftft£^£LT*-xx^ 

SUCH*, ffiot, «&KfcJ6fC, ±iap*^S(fn 

*<7>££*# 0 . 2wt. %£j8;l4 i:®tt#&fl;-$-S . fi: 
ot, Ti, Zr. NbfcJ:tm»6fc*Sa»fc«/«f 

ffl^ro. 2vt.xt-t&. %ts. <e<o*#s#o. 005 

C14, 0. OOSirt.ZfcLtfc-fiifctfffaU*. 
[0033]Cr, Cu, Ni, Mo, WfcitfBli. 
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#$€4. LfrLfrtffe, Cr£«#3wt. 4 
i:, S»ttt$J:tfWtt*%fl:l^ Cu#Wl. 5w 
t.Z£«£SfcJRBHlllItt. SttttfcJ:tfBtta«£ft 
U Ni. Mot>J;r/W^#^«* { l . 5wt.%Srfii. 

*fcaaiii»*jWBi&u -eLt, b^s^o. 005 

*&<0#7C*«>3.fclRtt*, Crl43wtX CuJ41. 5 
wtX Ni, Mo. W^lil. 5wtX BJ40. 0 
10 0 5wt. "f 4 . . JJB#7cJI8*«*tf)»»*IBi3 
•£l>fcto<7>#aLV*TEf!<i, Cr, Cu, Ni, M 
o. W<0#*#0. 0 3wt.Z. B#0. OOOlwt.ZT 

[00343 Ca. MgfcJ;yREM(±. Stmt^ 

tMftttiML. a tx^m<nmmm 

ft£^&<fciloo^£-£*$-£4. U>L&*< 

fc. Cafc4lA'Mgc7)£3r*#*&*0. 0 1wt.Z£fi 
20 REMC0#«*>'0. lwt.Z*jBi6k, «l<0Btt 

loc7)7cS$r-^W§-li:4%&<7)#7C*(7)±ISffi$:. Ca 
fcJ:VMg(i0. Olwt.ZkL, REMI±0. lwt.Zt 

ttt UV^TBRfflHiO. 0 00 5wt.ZT*S. 
[00353 ^™w«*op*j it^Stt. 

***i*s««JMP^Ptto. oswt.zmr, sao. 

0 3nt.ZI3lTJ4l!FSS*i*. LfrLSnfite, Pfc^ys 

30 14, P{40. 0 2wt.ZfelT. S«40. 0 lwt.Z&Tfc-t 
Sit^iU^. S4S-0. 0 0 5wt.ZfelT(c 

[0036] £««H<0»i^<9l8i*£tco 
k^TWIW*. Hlfc<fclMa2tc^U^fil2rffifflL. 

«Fi U^HRilWi. 6 0 0-1 30 O^KHrtfJ) 

i^ae* { 6oo'c*jitTi4, mm+ftx-b*) 

40 : Hfta*# 1 3 0 0'C5rtiiTS< tth b , U—f 

MrLx®imm.mmz>te%, uaMttfimfth. 

®&UO&mS.t: 2 0 0 p p mJ2TRcfiW:*>C 

{4, ^tm&t i o o o°ci?mz®mt& z t l 

[0037] ±»o 4 o t LT^RSftfc , 1 ^ 
^ ix/ix y L , U— f - t'-A 3 Srgg 

50 JgfiS;t» -t^f HD-;l-5{c4oTrr-b yht-4. =5: 
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tf-t*-A 3 jM!*** J: 0 KKSSiVtfc 0 , h-yT 
[0038] iOiatwLT. l^-if-h*-A3^J:0 

mm&mtthtihtzMz . fss^ci * swan* 

£X'i>&\ 

[ 0 0 3 9 ] , tiH^I&gtmffal&ittCtt* 

orr-t y h- ami z t tfimvb *w«H0) 

[0040] *SjWB7 Lfc«Wtf>*««fc*t IX , £ 

[oo4i]*s&6ues£Brt*afc:tt. Wiffm 

lKig»^IB6^fc^T N Ac3 + 2 0*C~10 00 



«rHPP9-l 94 998 
1 0 

Ac3 + 2 0"Ci: U *0±IWi*-^f"*->f b&JIfia* 

a*ftL4vuooork"rs. 

[0042] jNMtKtRUIUllflMd, 3frfSS 
1 ftH%hl£$gB6 1 «fc 0 . Ac 3 + 2 0*C~ 1 0 0 0*C 

BiMfcttU wr-yi^za^x. s 

{430°C/sec. ELLfcU +»t)S^OAo)tii 

fc-fi.. ^nwitmMAoo'cmz-th'im^h 
fin. 

[0043] ffiAfiJL $2ffiiiiattl&!!$^8(cgvvr 
f»**KUi. 10 OXJ-AcKOjflBOSHWflra . 
M#g|LffliS^10 0 , C*SfC<i, 
icftfeft&vi. £*s, 3 0 0~4 0 oicoefflrtofflK 

<*><0fc1-|». «t*RUklRiBSttAci an 
i*«)B3cli7 6 0Trcft&. 
[0044] 

[0045] 

mi] 
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[0047] 
[jS3] 



10 



20 



30 



1 4 



40 [00483 9kl ffiMVlo. 1-No. 5, 

No. 12, No. 1 7, *2fcij^»9IilNo. 2 

aiT/fmumzmi. *»<lt, rt«7 6. 3mm 

0 , US 7 . 5 m mmm^m Uz . Wftttffti 

[0049] 
[«4] 
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1 5 



1 6 





6 0 0- 1 3 0 0 # C 




5 kw 


mm 


1 - 4 m/ 'ft 



[0050] 
[*5] 





Ac. +20"C-1 OOflt 




3 0-1 5 OTC/s e c 




4 0 0 'CJaT 




500-760*0 



[ 0 0 5 1 ] #8BH8!N o . l~~No. 5a>&fr6#Sg 
m. 950*C. MMLfflS 650'C) *«Lfc*&*>, 8K 
<JJB*JMinR=*tU QTffiS (MASS 950-C. & 

aaasrc/sec) tm,fc*6«>. m&m<?> »T„df 

6«&jWrJ: 3t=, ^aiaf«^3 Ot/s e cfiltc, 
«£MU&£tf5 OOTEUrfHtefctt. -HHc*H » 

[0052] *IMWINo. 1-No. SSrttlliU* 
f&BM&fc J: VP -If- 1*- A£B&» L=5rv %%*o«ai 
*«aKJ:^Ti!3iLfcJI»«WK»L, QT«S (® 
RLS* 650C» J^ffl2S50X:/sec) *»Lfc«^H*j 
<tl>. Wmn v Trs£. «AiUBKk^lSJ«(c*JV^T 

J6CJ:4«*t{4. &AftfiJg* { l 0 0 O'CiTRO vT 
..tt-Mtefi^ «*ifelc J: 9MftLfc*a*>±e » 

[00 53] #f|BBg!No. 21~No. 26£$ffl 

3!!lia«tWlW!fit*JV^TH8Kji*t. H80»fe. 
*ffi«)*£CU:. 1 0 0 O'COTcOi: 

vTr«lifiVt. jRfc&feuu&pi 00 or 

fcOftli. «&$rfcU&9»*l 0 0 0°CiyT««^fcPl 

[ 0 0 5 4 ] mz, ItftPMN o . 9~N o . 1 1 . N 
o. 13~No. 16. No. 18~No. 20. N 
o . 2 9. No. 30. V. Jti^N o . 3 1 ~N 
o. 3 8£. %m%-CXQMmiz£t)®$ilL. 50kg 



[00 5 5] Ztlt>cM>Jvl-Zl200X: 
fcflUJRU OT5 0mmtJfSHEEl,T»RkLfca. 
SffiUfc. £/£f&0$3$#>£> 50xl50x400mm 

common. Wtfs&i 2oo°c. EE«7ia&8 

2 0rt'Jf§ 1 2mm2TESL*:„ B©*7l«£(C$ 
XhXTl^--C'. J&ffl3[SS1?10-C/sec. T5 5 0 
KltX* ftfflbt:®* ftb5 5 0XHZto&ZtlX^&m&. 

io mnWk&tt-Z s/$aP-M,fc<> <nxh h , 

[0056] £ffia?»S13*UfcflW&&»& . 6 x 3 5 x 
1000mm^f£lgi#if:flJ9tiiU «Ii§JgPS*P- 

^*fflv^is»Lfc. tosses ii 

%Zzry?7h1-v72frh&mtlZ>%mm,WlX'? 
PTg^&tClilgBStfXP-- f-t'-A3*>\ JH®9tf)g 

[0057] W®$tfr\tTWM y )X'h 0 . MAix. ffi 

fc. ft&ffiaBKSM: 1 4 0~ 1 5 0 P P mT*->fc. 
f&ittK : 7 0 0*C. 

: 1 Om/mi n. . 
?V? J 7\> + »>?frl><m.\%-h : 200kw. 
U—f-ftJj : 5kw. 

m^aat'COt'-Ag : 0. 5mm. 

[0058] ±a Ltz®&m<r)®®& 
30 5mmtOP*/M?-ffSl^T-£$roU 

^Sittfefc «OMff<0ieitt« J: VP— «f- 
^T^LfcJM^<^W»aW)t8tt ( vT„) Srli 

[0059] ssittt^ : mssmtzmttifim. i% 

40 4 0<XIS ( Sff P £ t^ig^*^. 

®m& : u-y-mtmfimzffltwf#m> t>ti 

?§igte*& : p-if-B3l§§«gii^i?fl:!|^* { ^<. ^ 

: ?S«gP<7) v Tr.*<- 3 0-COT<9i§£. 
50 ?Stt^ :»«aW)»Tr.36«-3 0lCfc)Hifc«*. 
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* * [^61 
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18 








HAS 


- ■ 


No 








No 












A 






21 








. 

31 








. 

* 


J3 




ft 


22 








32 


& 


to 


IS 




15 




a 


23 






£1 


3 3 


^3 


** 








R 


ii 


24 


& 




Ji! 


34 


T£» 




, ... - 




ft 






25 


m 




lit 


nr» 


ft 




TO 




a 






2G 


m 


A 


W 


36 




TO 


TO 


: c 


n 




a 


27 


ia 




ia 


3? 


IS 


TO 


TO 








14 


28 


*j 


*J 


ft 


38 




— 


— 


_ 

I ? 




• Q 




29 




»I 


m 










j j 


& 


*5t 


J5 


30 
















1 4 




m 




















I Z 




« 


j? 


















1 5 


fi 


•a 


a 




















£1 


A 




















■. it 


13 


El 




















M 


ft 


lil 


il! 


















70 




W 


1*4 



















[00 6 1] *6*»4>HHfe*»55:J:3fc:» JtWPINo. 3 
1, No. 3 3, No. 3 4*3iU !: No. 3 8(4, Si§ 

«*4>jhUfc. IfcWBNo. 32, No. 35-No. 

fc, ?§fggPO vT rs fi-3 0X:SrSi^T*-afc. <L 

[0062] iflfcttU MUNo. l~No. 
5, No. 9-No. 2 7(4, Wfti.f^ISjIttfcJ: 
l'-lMHIflWK^IMff-C&ofc. #?&8J!$!N o . 
28-No. 3 0 (4, •HS««K«IIKr«l*i<E**»^ L 

I 0 0 6 3 3 * ft. X«tWt»8»HF£Kff Lfc* 

mumizxvm&wzn&cD vT rs {4, mi&«#7 

0 0'C<Oi§£fc- 3 0'CWTT*J> o , m£>x&$M:m& 
[00 64] *fc, »8Hft£tt&&6UtH*ltl,ttt 

i/Trste, *a&tt^9 0 0X*5*£-efc, -2 0*Ct[ 



* [0 06 5] Srfc, SlWMNo. 11-N 
o. 12, No. 14-No. 15, No. n&i.V 
No. 1 914. Bff^tOCatJilK/^^tiMg^* 
LT^*tf>T\ BH I C OfcXftiSMft.) ttfcJ:t«S 
SCCtt(«fl^^«AWl) fc*fc*£TVtf:. 
30 [0066] 

immSk] JaJb»*fcJ:3fc. i«*»BHtJ:*i. 
Loo, *«»oB**#!J«5r<, 

mtxmm&mvi-f&zt tzx o » WAttSr*-rs 

40 [Hi] £*>^MI^*fcft<ol^«w^£* 
[ II 2 ] H 1 co A - A«*8EI?* . 

[03] ^m^mntvm^m^xmmtt:vm 
mmmcoimm^tmm&coitm^tmx'h & . 

[H4 ] *»fl*t6ft:J: Oifiitfcjg^iBW^i^fflS 
t vTtatcom&iKtfflX'bh. 
[05 ] *JWB*ifet:*J{t6QT«HIB»05H»a«Wi:» 

[06 3 ^BMfetfcJtSQTKHl^oMMtiaKi: 
^ 50 ®mco » Trs fc OffifS $r^0T'$> 6 . 
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[07] *mmt5£vmmzmmL. *%mmz 

[08 1 xmfimtsxvt&kimzjt *>w&tt:m 
& t m&un v Tr, t <m& tm-tm-h h . 

[09 ] *U-^gS^S-nSB&fl«0T' 

i *m 



20 



2 3y^^hf--y7- 

3 lx— f-t'-i. 

4 h-y^O-^ 

5 1M Yu-)V 

6 mftfflftMftBI 
7 

8 ^2STO«B 

9 89^ 

10 *MHd-^ 
10 11 x?>fXo-;P 



4 h^o-» 



2 = >*? h?-/-^ 




[01] 

6 S51 WSiairaaSS 

^-7 TlcJ&V-V 




5tM Kn-Jl 



300 



200 



S 

(ppm) 100 ■ 



+20 
0 

• -20 
vTrs j« 

-60 
-80 
-100 



[04] 



Skuas 65<rc 




500 750 1000 1250 
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[06] 



[08] 



+ 20 
0 

-20 

vTrs 

PC) -40 
-60 

-100 




450 500 550 600 650 700 750 



vTrs 



0 

-20 
-40 
-60 
-80 
-100 



|Na21~26 



^/////////////////// 



-mm 




900 950 1000 1050 



[09] 




(5i)int.a.6 » ftnwgm fi wmmh 

C 2 1 D 9/50 10 1 C 2 1 D 9/50 1 0 1 A 

C2 2C 38/04 C2 2C 38/04 

38/58 38/58 
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